Introduction
The knowledge of thermal diffusion or thermal conductivity is important in strength analysis of mechanical constructions operating under varying thermal conditions. For this reason, there is a need to determine these parameters with good accuracy in "in-situ" conditions which are different from research laboratory.
Properties of metals and their alloys, in particular their thermal conductivity, is very important in experimental studies due to their necessity in the numerical modelling of complex physical systems used in industry. Previous practice is rely on the data in tables of the material properties of certain metals, which are determined by making enough all measuring regimes appropriate to laboratory conditions. Based on such properties is natural common, however, researchers who model different thermal phenomena should be aware that, for example, the chemical composition of metal alloys that they model does not always correspond to those given in the tables, which may change their thermal properties.
In the paper the method of determining the diffusivity and thermal conductivity of metal samples by the method using the heat wave phenomenon has been discussed and proven.
The Angstrӧm Method -key assumptions
In the Angstrom method, one-dimensional heat flow is measured in a long, homogeneous thin rod, one end of which is placed in a heat generator of sinusoidal power P according to formula 1.
where: P 0 -amplitude of input power,  -angular frequency, t -time,  -initial phase of signal.
The other end of the rod is kept at constant temperature. The idea of measurement is shown in Fig. 1 Therefore, it can be assumed that the temperature at the beginning of the rod will change according to formula 2.
where  0 -amplitude of temperature At any point of the rod "x" the temperature dependence of time will take the form of a wave equation 3 [1, 2] .
where: the coefficients a and b are related to the thermal diffusivity of the formula:
where:  -angular frequency,  = /c -thermal diffusivity.
After mathematical transformations, the formula for thermal diffusivity can be given as:
where: l -distance between points x 1 and x 2 ( Fig. 1) , t -phase shift between heat waves,  1 ,  2 -amplitudes of heat waves.
Hence, the thermal conductivity can be calculated from the formula:
where:  -metal density, c w -specific heat.
The method of measurement is shown in Fig. 2 . 
Determination thermal conductivity with Angström method
Described above method of determining the diffusivity and thermal conductivity of the metals was tested on a onedimensional numerical model developed by the author, in which all the thermal conditions due the Angström method are met. The most important of these are: periodic force with sufficiently high power (or temperature) at the left end of the bar, no heat dissipation from its surface and maintenance of the opposite end of the rod at a constant temperature of 20ºC. The selection of measuring points x 1 and x 2 ( Fig.1 ) and the time of the experiment due to the period of heat wave induction are the major factors influencing to the results. Using the trial and error method it has been supposed that for the length of the bar L = 0.6 m, the measurement points x 1 and x 2 are respectively 0.2 and 0.4 m (so l = 0.04 m).
It was presumed that the period of forcing the sinusoidal wave was To = 8000 s at the time of the experiment of 10 hours. The accuracy of the method was examined for metals with extremely different values of thermal conductivity -from 15 to 372 W / (mK). In the calculations, the last 3 heat wave periods were analysed. Results are shown in table 1. As can be seen, maintaining the above described assumptions, the Angström method gives accurate results of determine the thermal conductivity value of selected metals.
Establish measuring conditions for determining thermal conductivity in industrial environments.
In order to examine the possibility of using the Angstrӧm method under industrial conditions it is assumed that the measurements will be carried out on cuboid-shaped samples with dimensions: 0,6 x 0,6 x 0,12 m, shown in Fig.  3 . The aim of the first experiment was to check two variants of temperature measurement -on the upper surface and the bottom test sample. Results shown in table 2 indicate that omitting phenomenon of spatial heat wave propagation (Fig 3) The results indicate that the smallest errors of the  value are found for the thinnest test plate for a heat wave period of T = 4000s. However, in the case of having a larger sample, it is possible to select the frequency of the thermal induction wave at which, for different  values, the error of its determination will be as small as possible. It is good to initially estimate what value  can be expected. To do this, it was proposed to use Hamming's neural network to determine the similarities of the unknown sample material to one (or more) known types of steel.
Use artificial neural network to classify temperature response of test sample into a set of target categories.
The proposed method depends on classify the temperature step input response of the sample to one or more learned categories. To solve this problem called pattern recognition, the Hamming network shown in Fig. 4 is used [5] . Hamming's Neural Network consists of two layers: input layer -a layer built with neurons, all of those neurons are connected to all of the network inputs and output layerwhich is called MaxNet layer. The output of each neuron of this layer is connected to input of each neuron of this layer, besides every neuron of this layer is connected to exactly one neuron of the input layer (see Fig. 5 ).
The operation of the Hamming network consists in the input of the master network signals that the network is about to learn. Each pattern is assigned to the classification code in a matrix m on m dimension, where m is the number of patterns to learn by a network. After learning, the network allows you to assign a previously unknown signal to one of the learned patterns.
Preparation for learning network signals.
Patterns prepared to learn the Hamming network should be easily distinguishable. For this reason, it was assumed that the standard patterns should be the difference of the temperature step response of the sample measured at points x1 and x2 due to input force P. These signals are calculated by the formula: The registration time was 0.5 hours. Figure 6 shows how, based on formula 7, to prepare the teaching pattern for steel Nickel Steel (25 Ni) (A).
The teaching patterns for each standard material are prepared in the same way. There are shown in Fig. 7 .
It has been assumed that a hidden-layer neural network is consist of 20 neurons with sigmoid activation functions, while the output layer has 6 coupled by loopback neurons.. Scaled Conjugate Gradient was assumed as a method to minimize the error function. The network learning process is fast converging and lasts for about 180 epochs.
From now on, the learned network can be used to quickly determine to which element of standard set the temperature response of the sample will be most similar.
This allows a quick estimate the value of the product of c and thermal conductivity . This in turn will allow to select the appropriate period of the sine heat wave and its power, so that the -value errors are as low as possible. 
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The performance verification of the material class recognition system In order to verify the operation of Hamming's network, initial identification of samples made from metals originating outside the standard set was examined. The difference in their temperature responses at points x1 and x2 on the heating power step, was applied to the input of the learned network. Examined network returns 6 on 1 vector classifying the sample. The tested sample is more similar to the standard sample, if the value at its position is closer to value 1. Results of samples verification are presented in the table 4. Having a preliminary knowledge of the type of sample (thermal conductivity  and the product of density and specific heat c and knowing its dimensions it can be determined: the power required to achieve a measurable temperature amplitude of the forcing period (based on previously acquired knowledge) giving the smallest error of determination of -value and based on it time of experiment.
Conclusions
In the paper the classic Angstrom method of determining the value of conduction heat transfer has been successfully tested. The usefulness of the Angstrom method was investigated in terms of temperature measurement of metal samples deviating from the general assumptions of the method. It was found, that accuracy of  determination depends on cuboid sample thickness and period of generating heat wave. A Hamming's neural network was proposed to simulate the similarity of the sample metal to previously known metals. 
